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SME CHEMICAL AND MINERALOGICAL CONSIDERATIONS

IMPORTANT FOR uNDERSTANDING LEACHATE CHEMISTRY

by

E. J. Paterson ●nd P. Uagn@r

Chsmlstv and Matorlal Scianco Dlvlslon
Los Alumos National Laboratory

Los Almms, W 87S45

ABSTRACT

Both tha raw chalo material and tho rotortlno

p,.oc~ss para,mct~rs are influo,ltlal In datsrmlnfng

the subsoqutnt bohavfor of tha spant shalo solidc

~ith resptct to Jaachi’lg and/or ●nvironmantal weath-

ering. ?hi procass paramstors dafino tho sdnaral

raactions that occur to fom tho ●ingrtl aiso~lmgs

in the mont shala, while tha major ●nd trace ela-

ment rcsidc?,cos and mobiliti-s from tha raw shalo

dettmlino the axtant af incorporatim of th~to ●la-

mants in the spent shalt matrix and ultimately the

cmmpositlon of ‘Ieachatd gtnorattd by the spsnt

uhala so!ld: wattr int~rsction. in ord~r to under-

stand laachate Compositions, it is, nocassary to

d~tsmina this water: salid interaction, but tho

solid wastac being considwod art a dapardant fur,c-

tion of tho raw shale ●atarial and tho pracass param-

atars, Thus, in ordar to understand the chemical

principles opcrativo jo I@achata g~norat!on, it la

nccocsaty te ●luciriatm the interplay of the raw mato-

ritl and tho pro:ast par~tirs in tho formmtion of

th~ waste arid then tha interaction of tht kmsta fom

with wat?r. Th@ leachate ●nd tho solid wast? ar-

dopond~nt varlahlos, whila th~ raw shalt ●nd the pro-

csss paramat~rs ara ind~p@nd@nL variables, Thaso

contidsrations art illuatrtted by r~sult~ of chafnfcal

charact?rizttlon cnd •~pori-nta! studios of field

gonoratad spent shtles, Rsoults from f!old QQF-

●ratad matari&\s ●ra ustd ts describe important

cone’dtratio~$ ‘elativ~ to ths undorstcnding of

Inach&to chemistry.

IN1ROO1ICTION

Complox health tnci ●nvlrurnsntml l~cu-t will

@ffoct both the ●mtsnt -nd rnto ~f dev~lopmmt of

tha wamtcrn oil shals rasourcm, Inc!lldod cmot)g

th.ao trc concornt such at, land disruption, ●qulf~r

dlvcrsfon, ●lr ●nd watar contamination, wa8te dis-

posal, and haalth and snviromonttl problams auso-

clatad with th~ rofinlng ●nd utilfzmtion of tht

shalt oil (l). Onc of tho moat pr@ssing qwstions

thdt naods t.asolution early in tho oil shalt deucl-

opmmnt cycla concar;lr tha naturt and sorioucr,oss of

watmr contamination Caus@d by tha ●xtractlon ●nd

proctasing of oil shale, and th~ dispoisl of tho

solid ●nd lfquid wastes gontrattd, Thor. aro poten-

tial watar po’lution problams attandant to both

klirfaco ●nd und~ruround procassinq of oil shale, al!d

lnchd tho choice of r~covory technology may bingo

on ths aolvabillty of such Ilaalth ●nd ●v{ronwwntal

issues.

In ordor to dovalop an ordtrly pcrspoctiva ~f

health ●nd ●nvironmental consoqucncoa of oil shale

(or any synfusl) procoasfng, tha idantlty and bc-

havlor of thd raw material, tha fundmmcntal chmical

principles op@rativ@ during proc~ssir!g, ●nd th

interaction ot raw material and tht procoas to yield

praducts, cffluants, mnd waato must b. und~rst,ood.

Th@ utillty of this ●pproach is illuatratad with tho

aid of Figuro 1, Thie figuro d~als with considera-

tions ?alating to Icachats generation from solid

waatab, but tha approoch !s applicable to undor-

standinv tt,o nature and sxtont of ~fl products and

●ffluants frm synfu~lc op~rationt, In ordor to

understand laachats compos’;tion, it Is ntcosssry to

!htonlne tho wmtor/solid Interaction, but tho solid

wasta baing consid~rad im a depcndmt function of

tho raw shalo nat~rial and tho procnss paramatcrs,

Thus, In ordor to understand th~ chemical princlplos

oporativo in the I@achat&s (efflu@ntc), it is noc-

●rosary to ●lucidmto tho interplay of tht raw ❑ret@-

rial ●nd tha proccs- para~tors in tho frrmation of

tho watt. ●d then the fntoraction of tha wasta fom

with watar, lh~ @fflu@nt and tho nolid wasta ●rc
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Figuro 1. lrportant factors dttamlnlng coopo-

6~tions of offluonts frm synfu?ls

procassas.

dopondcnt varlabl~s, whllc thg raw shalt ●nd th~

procass parmetors art ~ndrpondont varlablcs. Tha

rolo of cartful charactorizatfun of sollds in devel-

oping an lnt@nrat@d ●scossment of health and ●nvlron-

mental cmsequcncas of synfuolt processing it obvious.

In order to illustrate the importance of aate-

rials charmctorizmtfon in dtveloplng ●n undar8tand-

Ing of ●ynfut\s processing Impacts, msenrch ●ffortc

concerning the question of ratort abandonment after

in iftu ofl shale processing will be dastribed. The..—

retort abandom.rit issue it critical with rompoct to

maintenance of groundwatrr qualfty after c-rcicl

operations have cetced, The ctudy of two spent shal~

cores and one raw shhle core from Occld@ntal Oil

Shala II}C’S. Lo~an Wash sit. has been completad and

this information has been used to evalimt~ the

●xtent of ~oncern associated wfth retort abandon-

ment. Tha solid core (raw tnd spent) s~les hmve

been characterlxed by ~nfrcrocl spectroscopy, x-ray

dfr’fract~on, and, in toma cases, optical ●icroscopy

●nd scanning ● lectron ●icroscopy/anerW dispersive

spsctrw~ “y} Trace .Iamant concontrat;ons In th~

solids hJM detemlned by neutron actfva~lon ●nal-

ystl. Thece solid samploo ~re Iaacfwd by a stand-

●rd procedure, Iaachctt c~oslt{on was dot~mlned

by d!roct current argon plasma mmfsslon spectros-

copy, ●nd ~olutfon chemical principles controlling

Iamchate co~oait~rm umre Invattlgatod. The~a data

●re necessary for ttm ultimate doflnftion of thm

physical (e.g, surface araa ●ffects, pamaabfl~ty,

●nd mineral ●nvironment, ●ffoctB) and chewlcml (Q,IJ,

oxfdatfon- raductfon, dtcomposftfon, and mineral

taactlonc) procsssos that cr. responsible for ●n-

htncoment of trace ●lomcnt mobflltias from spent

,hal@ solids. Tho rasults of the characterization

studios will ba deocrlbod, assessment of water

quallt) l~llcations from these data wI1l be briefly

diSCuFsad, and tha role of Co;lds characterlzatton

In dotaminlng haalth ●nd ●nvtronmantal consequ~nces

of synfuols procasslng ulll be s~arizad,

PROCESS OESCRIPTIOfl

Occidental has bson mxpo~lmwting with modlfiod

in situ (HIS) tochniquo at Logan Wash, CO. since

1972. TM method Involvos mliling to rmovo 20-25%

of tlm rock from a chamer (or room), ●xploslv~

fracturing of tho rdck to uniformly redistribute the

v~id craatad by ■ining, and Igniting the organfc

boarfng rock to pyro?yzc ●nd then distfll the OF

ganlc matarial from tha solid. A tmavy till typo

lIQUIU condansoc at tho bottom of the retcrt ●nd is

pqod to tha aurfaca. Neat for tha r~tort~ng

procass Is provided by combustion of the r~sidual

0r9anfc carbon left on the rock after tho major

organtc matcrlal has dlstillod away, The third

●xpmrimntal retort, designated 3E, moatured 32 ft.

bqu~re by 113 ft high, Oata indicate Sfgnfflcant

inhomogenal.ios tn ratort 3E solids sugg~stlng

channeling In retort M. The combust~on front

ce~sod ●fter mov;ng through tho upper half of the

chamber, TM input gasas ~n rttort 3E were 70% afr

and 30X racyclo gac. Hate? wan injacted into tha

ratnrt aov~ral timec for procass t~~lerature con-

trol , 0f7gas w-s rucyclod through the retort for

aevarsl waoks aftar ttw retort was -hut down, Tha

consoqumncss of those prccodures are d!scussed ●fter

the characterization data is s~rized,

MINERALOGY ‘.—— —

(]). 4aw Sh#le. Vario’da tuthorn have r-ported

lnvostlgal~ons of ainwr~l sp~cles ~n rsw o~l shale

(2-4) Tha mfn~ral c~oslt{on vmrtcs stratigraph-

fcally, but carbonat~s ●nd St

mat zonas. Carbonate ●li,era

include do\om!ta/ankorttt, ca

os~tlonml centtr of tha bmsfn

nahcolfte and dawhonitt, 511’

icattt prad’’minato In

t found in raw shale

cttm, ●nd tn the dep-

laoser a~umts of

cat. mfneralr found in

r~w shal~ ~r,clude m-quartz, albite and orthocla~e,

●m -11 ●c Illfte, otner clay ●fnerals, and mnalclme,

In ●ddftlon, small ●mounts of pyrite ●re widespread

t,lroughout the Gree,l River foruetioo,



TABLE I

RAW SHALE ktAJOR MINERALOGY SIM4ARY

LOCAN WASH CORE LW-156a

Zona 1 Zone 2 Zone 3
8173-7923 ft.b 7923-769I3 ft.b ~98-7623 ft.b

a-Quartz M m-s N-s

Dolomitt N-s H-s M-s

Calcite M M M-M

Analcima w w-m M

Plagioclasa N-s w w

Orthoclasa w w w

Augi ta w w w

Pyri ta T o T

Illita O-T w w-M

●Leg*nd (rolativa phase contont): S = major, M = moderate, W = minor,
~ _ vary ~~nor, T = trac~, O m non~ d~t~c~ad,

‘Absolut; ●lovatlon,

A summary of tho minaralow found in cor~

LW-156 from the Logan Wash sit~ is glvan in Table 1.

Tho zonation lndlcatad in Tabl@ I was d~tcrminad by

@xaminlng diffaronc~s in minaralqly and laaching

bshavior of tha solids. Tho carbonate minarals do

not v~ry dotoctably ●S a function of dapth and most

of the noticoablc diffarancas ara variations in ths

idantity and qumntity of sillcata minerals, Analcime

and th~ clsy mineral illlt~ Incr*auo steadily ●S a

function of d~pth, hhlla the plagioclaso foldspars

docroasos staadily as a function of depth, An

unldontlfi~d mctamu~hic mineral, similar crystml-

ographfcmlly to xha augito send solutlon (Iistad ●s

augltc fn Tablt 1), Incraasos staadfly with lncrcas-

II)Q daptll. Tho ●ffacts that thata dlfftroncos had

on Icachmto composition will bc dlscussad shortly,

(2), Sp*nt ShalQ. Tha raw shale mlraral

phamas diicussad ●bovo undergo a val’{sty of dacom-

poaitlon and solid phaso raactfons during rotortfng,

dapandtng on tho orlflinal raw ahalo compositio~,

maxim~ ratorting tcmpal’atura, tfma at maxim.m

t~cratura, haatfng rata, gas ●~tphara (and

prsanura), postburn conditions, ●tc. Tha ●ntont of

carbonato docomposttlon ●nd silfcato formatton, ●s

wII as tho dlsappaarancc of a-quartz, plagfoclaso

faldspars, ●nd potassfum faldspars, Indtcata tha

axtmmas of twqmratura ●nd ratortlng atmosphoro

axporionced by tha spoct shales, In ~ltu rotortcd.—
spent shales ●xporian:a more ●utra+w conditions than

surfaca ratortad shalas, ●nd thus dacomposit~on ●nd

sllicatfon raactfons occur to a graatar axtant. Th*

major high tamporatura product phas,t Includa

akarmanlto-gohlanita and diopaida-cugfto solfd solu-

ttonsl Mlnarrnloglcal data for spent sh&la coras

frum Logan Hash r~tort 3E am cumcriz~d in labl~

11.

Mfnaralogical changes that orcur during 011

shal~ retorting ●ro dominatmd by ailicata ●rd car-

bonata raactions and d~pond nt? tha gas ●nviromnmt

(3,6). At lass than 770 K, tha minor aalina sudlm

carbonat~ mintrals dawsonfta, nahcolita, shortfta,

and trona dmcompo~a tc yialti sodium carbonates,

C02 ‘
and wat~r, At slightly highar t,amparaturcs,

tho major carbonata mlnarals c~lcito and dolomita

bggin to dacompocc signfflcanily, Dolomit~ dacom.

poaltion procaads at 925-1025 K with ●volut~on of

C02 and formation of p~rfclaso and calc~to, Th~

porlclas~ parsistn ●t lowr tomparaturas but dfs-

●ppoars ●t hfghr tamparatura bacausa of sll~citc

fomatlon. Tha calc!ta la chemically ind\stingufsh-

●bla from tho original calcfto (5). Calc~tc d~cowt-

POSOB abova 1075 K with ~volutfun of C02, Steam

graatly ●nhancas t.hu dac~oslt~on of dolomita ●nd

calcita and pr~tas s~licat~ fomatlon, wharaas

C02 inhibits calclta dacompoa~tlon ●nd doprossas



SPENT

Zona A
7B23-7013b

Dolomltc o

calclt9 o

quartz o

Orthoclast 9

Pl@ocla Oc o

Analcima o

Aragonlte o

GYFWU! o

Akmrtmit. s

910psfdo H

Nontic@lllt* o

Forstarit@ o

Kslsilitc w

Pcrlclas@ o

~For Iocand s~a Table 1.
Absolutt .l@v#tion In ft.

slllcate fcnmation, At greater than 10?5 K,

TABLE S1

SHALE #tAJOR MINkRALOCY SLMARY
CORES R3E2 ArJO R3E3

Zone B Zonm c Zone O
7!313-7798b 7790-776ab 7768-7733b—— ——.

0 0 0

M M H-H

T T T

0 0 H-M

M 0 0

u 0 0

T W-M w

0 T 1

w M s

0 0 7

0 U-M M

0 0 T

Calcfta

Znne E
7733-7693b.——

M

M-5

M-5

O-T

M

W-M

T

T

T

w

w

D

o

w

3E, is the pmfarrod crystalllna form of calcfum

carbonate pracipttnzing from waru solutfons. Thts

typo of raaction may occur during watir Injactlon in

L% gas racyc; o ~dc. S- calcito may ●lso hav~

pmcipttct~d aftar cooltng bocqus~ of high alkaltntty

of Qrouwiwatcrs soaping into ths retort. Gypsum ●lso

may bc formmd during postburn trcatmant or during

rscyclc rttorting. Sulfur dioxitis in tho offgas

is known te rgact with CaO in tht spent shales to

tom ~Oum i7).

Thfc shows ttmt tho dlsappoaranct of raw shala

■tnoralo and th~ formation of ● now s~itc of min-

●rals in thm procosscd shalo can bo ●cc~llshod

through ● varlaty of raactton patfways dctamfnad by

princess vmriablos such ●s •ax~mm tamporetura, tima

at NXIS- t~~returo, h~at!ng rat., ●nd @*sphmra.

Th~ca mfntral rssctfons ●ra accoapanfad by cha,ntcal

raactions of tlm minor and traca ●lammnts. Both the

●ihoral ●nd chamlcal r’asctlons that occur during

retorting ●ffect the mobllfty of tha w.jor, utnor,

and traca cl~nt~ from tha shala when contactad

with water. Tha mobility of clomnts c-n ba af-

f@ctod by ssv~ral f~ctort, tncluding dacomposftton



or roactfon of ths tha orlgfnal ●ineral hosts, ttm

ablllty of newly formad spent shal~ minerals to

accrndate major, minor, ●nd trace ●lumants fn

thafr c~stallfna structures, ●nd the oxldlzlng or

raduclng mtura of the at.msphera. Tnabe factors,

as wmll as solutton chmmlcal Consiclamtlons, Ust ba

considrmd In invo~tlgations of loachsto c~sl-

tions genarattd from spent shalas. Thus, dnoralogy

of spent shalas is i~ortant In Procoss ●ssessment

and in ●valuation of the health and ●nvlromant~l

acceptability 67 products ●nd ●ffluants frm tha

retorting technology.

Examlnatfon ofTsblo 11 Indicatas tha ranga of

ninaral typas pmscnt In tha spant shala ●sscmblagas

(8,9), Edch minaral tyPt dlccussod above fs found

fn varying quantftlas throughout ratort 3E and

careful ~valuatlon of tho data rwoals sovaral

observations about tht Procassfng hlstow of this

retort. The ●xtant of Silfcate fornation cnd catio-

nato presence fn ratort 3E Is graphically prascnted

in Figura 2.

Tharo are fiva zonas in retort 3E, ●ach chmr-

actorizad by ● dffferant minaral ●ssamblaga. Each

assemblage providas insight into the procass con-

ditions ●xparioncad by the matcrlal in aach zone.

Zone A ●xtands from 7823 t~ 7813 ft (d@pth: 435 to

445 ft.) and contains vary fsw cationatc ●inerals,

vary lfttlo quartz, ●nd largs q~ntitlos of high

tcmparaturc sflicatc products. This zuma h~s so-n

high tmp~raturos probsbly du~ to ignition Jf tha

rgtort. Zone B sntandod from 7813 to 7740 ft. (dapth

445-460 ft,)and contains modorata amuntu o?

calcite, aragonftw, ●nd quartz. Thtra ●ro vow faw

hfgh tamparatum silitatau In this zom. Tha Cal-

cito probably survivad tha ratortiug procoss, whflo

dragonite is dus to pastburn operations This ZOna

probably ●xparfancad tomparaturas in tha rnno~ 800

to 1000 K for chort duration. Zom C ●xtandtog from

7798 to 7768 fL. (dapth: 460-490 ft.) Is character-

ized by some calcfto and aragonlta, ●lmo”t no qUWtZ

●nd largo amounts of high taqwaturo sillca?a Prod-

ucts, predominantly a’ormsnl ta-gchlanita solid solu-

tion wfth lassor amountr of dfopstda-augitc solid

solution. Thfs ZOM exporioncod h!gh t~oraturos

for ❑oderately long parfods of tfm Tha ccduatlon

front tcruinntad at tha bottom of this zone and ft

aaams to havo bo~n afftctod allghtly by po~tburn

upcrations. This zona, ●long with Zona O, ●xpo-

riancod tha most sxtrama procoss conditions In

ratort 3F. Tho other high t~craturm zone, Ions O

●xtmdfng from 7766 to 7733 ft. (d@pth: 490-525

Figuro 2. Carbonate, a-quartz, ●nd product slllcata

mimrals vavlation with dapth 00S1 core

R3E2

ft.), has very fw c,lrbonatcs, very littla quartz,

●nd large quantities of high tmporatum slllcatts.

Thtso products war. mainly diopsidc-augita solfd

solution ●nd lmsssr amounts of ●kemanltc-gahlonft~

sslid solution. Forstoritc was dctactod in coro

R3E3 . Tha most probablo rnasol,s for tha Indicatad

●lnar~loglcal changas frw] Zone C to Zom O ●m

hlghar t~oraturns for dfffomnt hoktlng durattons

for om section compared to tt,o other or @ change in

tho bulk c~osltlen of tha r-w shala In tha vfcin-

fty of 7770 ft. , tiiat would ●lt~r tlw mirtaraloglc

mactlvlty pattern. The 7770 ft ●lovatlon corresponds

to tha A-Groova marker ●nd tm bagfnning of tht

Plmhogany Zone, but this I.#@i falls in the ❑iddlo of

corm L*156 Zom 2 ●nd thora ●r~ no obvious dlf-

fcrancos fn tha Inotganic matrix ●bovo ●nd bolok

that lav-1. It is not ctrtain what combination ot

retorting corditlons wfll favor particular high -

Umpsratum aflfcatt products, ●lthough ● meant tn-

V9StfJ@tiOn tiJggOStA ihat. thara ●m trada-offs

Mt-cr. Uanlw’m t~~~ratui-a and tlma at maximum

ta~sraturd (10). Howvtr, It 1s obvious that Zona

‘C ●nd O ●xparfoncod th~ most savam processing con

dftions. Zona E sxtandn from 7733 to 7693 ft (dapth:

530 to 565 ft.) ●nd mprasants th~ “bottomplug” of

tho ratort. Thfs r~uion la charactarizad by large



amaunts of Carbonate ●fnerals th8t appear to have

been unaffccttd by Dostburn op~ratlons, larg8 quan-

tltlss of quartz and feldsws, and few high taer

~ratura sllicata phases. These matwlalt havs only

stxparloftcad low to ●oderbte teqeraturms, probably

less than l&200 K. It f$ also posslbh that the

SW1l quantltits of product sllfcatas ●ay bo frlablt

aatertals previously Qxlstino In AIMS C and D.

LEACHING BEHAVIOR

Solid SW1OS from tht Logan Wash raw shale

core LU-156 and fim -m: sptnt shalt cores retrieved

free r ‘vt 3E havr ~aen subjoct@d to ● standard

leaching txperirnnt in order to dstamlna the water:

solid interaction hr~ ● functie~ of the ■fnaralow of

the soildmattrl&l. If the experiment is done in a

rigorously controlled fashion, results from the

lsachates should reflect dlffarencas iii the solids

●nd camlwnt other $olid cbaracttrization tecP-

ni ques. Baseline aata for raw shale l~achability

and similar data for spent shales is ●ssential to

understand th~ physical (surfnce ●rm) ●nd chemical

(mineralogy) principles controlling tolubilization

of contaminants from ths solid by water and to

determine the factors (solution chemical control,

●dsorption) that control the mobility of contasP

inants awny from the solids ●fter dissolution.

The standard leaching ●xperiment is,a static

sharer ●x~rimant involving a 5:1 water to solid

ratio of distillad water and ‘1OO mash solid mata-

rial. The txpari-nt is usually conductmd for *

hours. Details of tho experimental procedures ●nd.

analyses are describad ●lc~’here (11). Lamchata com-

positions dapand on the ●xtent of occurrence of

minerals in the solid material, tho amount ofaach

●leaent ●vailable {n the solid matsrial, tha dynamic

●ff~cts that control the mobilization of ● par

tlcular elznt fro_’ the bulk solid to ●olu~ion ●t

tha solid/ liquid intwface, ●nd th~ chemfcal pro-

cossaa that occur as tk bulk solution constituents

move to establlah ●qtit~ibrim. Tho ~xpar!~nt

doscrlbad ●bov- Is designed to address the first M

●nd tho lasi consfdaration. To understand tha

cdufllbrim pmcoss that ●ffect thm solution chemis-

‘LW, dynMiC ●?faCta are invasttgated in saparato

●xperiments. Tha static ●xperimants ●re mra Usaful

as a so”iid chmractarlzation tool, bccauae fwer

var!ables sre ;nvolvod ●nd .*sults are more masily

intarprettd.

(l). Raw Shale. A ~mary of leachate con-

Ccntrctions of selectad major ●nd traco ●lements for

lcachates gener~ted from raw shale core LW156 mate-

rials is shown in Table 111.

Thmse data ●re arganlzmd ●ccordfng to zones

delinaatod by ●ineralogy data. It fs obvious tha%

differences manifested by changea In mfneraloqy ●a ●

function of dapth are ●lso Indicated by the loachate

C~Osltions. Zone 1 laachates have moderate pH

values, low conductlvities (Iaas than 350 fimho/cm),

low concentrations O’ major ●laments, and Iaas than

detectable levels of most trace ●lements, Theaa

results ●re consistent with the ●ineralo~ of these

materials. The mineral assemblages In this region

canairted of relatively insoluble carbonates ●nd

silicatas (quartz and feldspars) and ● luck of ●inor

minerals (clays end pyrite). Zonm 2 loachatas,

howwer, ●re charact~rized by pH’fi of 9,5, conduc-

tivfties in ●xceas of 900 ~mho/cm, and higher con-

centrations of most ●lemants cmpa’red t~ Zone 1,

Laachate costposftions (compared to Zone 1) have

lower calcim md magnesiw concentrations, ln-

Crea$acf concentrations of sooim, Iithfti, boron,

vanadium, ●nd molybdenmn indicating Increasad ●olu-

billty, There lb ●lso ● problam associmtad wfth

pwrticulat? clay mineral rwoova! by the standard

separation procedure. flilliporo 0,45p filters do

not ●ffectively removm particulate from the I@ach.

atea generatad from Zona 2 materials. Thfs behavior

is reflected by~parent increased solubi?itlss of

alumin~, iron, silicon, and titanf~. l+mnver,

these four elmments can be removad by ● Nucleopore

0.21J filter, whllm the oth~r ●l~nts listed ●bove

are not removed indicating true aoltitlon behavior.

fx~lec of thfs problmm are gtven In Table IV.

~hesa particulate have been ~dentiffed by x“i”ay

diffructlon ●nalysfs of th~ ffltars to be fllftlc

clays.

It Is suggestad that tlws dffferent leaching

bahavfor of Zone 2 materials with respect to Zone 1

matorfala ●re due to differences in the mfnor min-

●ralogy of the tw ioMs. Zone 2 ●ateri-ls Mve

●lovatad lsvals ot’ illfte ●s detected by XRD ●nd

this correlates with the Zone 2 leaching Dehavlor

including the par!fculatc removal problem ●nd fn-

creamad aolub;lftias of ●ramnic, boron, mo?ybdtin~,

vanadt~, ●nd fluoride. ]t chould be pofntod out

that Ion. 2 leachatem ●lso heve ●lejated nodiw ●nd

carbontte concentrations. Thfs suqgtistn that ●

~odi~ carbonata ●ineral, much ●s nahcolite or
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T#3LE 111

RAW SHALE LEACHIHG SWBY
LOGAN WA5H CORE Lb.156

COti (-hoka)

As

B

Ca

#o

Sr

v

F

co:-

so:-

Zone 1 zone 2 Zone 3
0173-7923 ft. b 7923-7698 ft. ! 7698-7623 ‘%b

8.57

345.

0.01

0.04

27.4

15.4

0.3.9

11.0

1.20

0.01

1.5

70

50

9.53

740.

0.6

10.7

2.06

9.13

1.10

177.

9.02

0.5

6.~

200

30

8.5:

750.

0.01

0.18

75.9

2C .

0.06

3G ,

1.31

0.01

2.0

70

200

aAll values in pg/m.C ●xcapt ●s indfcatad. bAbsoluto ●ie~ation

TABLE IV

APPARENT LEACHATE CONCENTRATIONS FROM ZONE 2

KATERIALS WITH SUCCESSIVE FILTRATION (IN PPM)

6
Sample 16 S~le 32

A B c A B c—-

A1 6,45 0.42 0.01 10,7 9.6 0,08

As 0,5? 0.84

B 7,34 7.07 7.10 11.4 11.3 10.5

Fa 5.70 0.28 >0,01 9.92 9,01 0.05

Mo 1,62 1.59 1.54 1,14 1.12 1.04

51 32.3 5.0 4.5 54.1 48.0 5.4

Na 100 98 97 143 141 135

Ti 0,28 0.01 <cl. 01 0.84 0.49 >0,01

‘/ 0.35 0.29 0,27 0 48 0.47 0.36

A ■ 0.45 p milllpora; B = 0.45 p mill iporo rafiltcr~d; C = 0,2p nuclaopor~



dawsonlta, may 8* occurring ●t conc~ntrations not

detectable by XliD. It Is ●gparect Wi.$t both the

Illltlc clays ●nd the Na/C03 bearfw ❑ineral ●re

contributing to the loacstng bahavfOr of Zone 2

solids, S&saqucnt ●nalysis must be made cognizant

of the ●ffects of the ●fnor minerals In the raw

shale. Zone 3 l@echates ●ro charactarizsd by h~gher

calclum ●nd magnoslu solubllit!as, $Ilghtly higher

boron, llthiu, ●nd sodiLM solubllitlcs (cmpared to

Zone 1), ●nd slightly lower molybden- Solubllltias.

From those ●xperiments, It is observed that

leaching behavior can vary ●s a function of depth

and also, consequently from place to place in the

?Iceancc Basin. This variation is illustrated for

boron -Id vanadlm ~bility fr= Logan Mash core

LW-156 in Figure 3. These behavioral differences

correlate with identity and amounts uf the ❑inor

minerals dif.persed through the major ■ineral matrix.

:n suLs@quent interpretations of Logan Wash data, It

is important to realize that Occidental’s retorting

ape~atfons are posftlo~ad in the same stratlgraphic

horizon that contains the Zone 2 shales.

(2). Spent Shales. Selected analytical re-

sults for cations and fluoride, PH, and conductiv~ty

in spent shale leachates from core 2 ~f retort 3E

are shown in Table V. Them data nncwass Zones B

through E as delineated by mineralogy data. The

results ●re Sim:lar for corm 3 and appear? to cop

roborate co~clusions based on ■ineral data. The pt!

values of the leachates range from 8.8 for section ?

to 11.G for section 11. Secttons 4T through 7 have

pK valuas of tipproxlmataly 10.2, as would be Cx-

petted for s61utfons in contact with silicate min-

•r~l~ (PH of synthetic akeruanita solution = 10.2).

The relatively l-r PH’S of s~ctions i-3 ●nd the

high Ct+2 ion concentrations suggest the presence of

ralcim sulfate fnstaad of calclm oxlda, and this

is censlstent with the ■ineralogy. The higher pH
+2

and “nrger Ca ion concentrations in the l-r

stctions could ~ndicate the premence of small ●mounts

of magnasim or calcium ox~das (pH of M@ = 10.0,

CaO = lZ.4), not detectahla by x-ray dlffract40n.

Conductlvlty data can be correlated with the

identity of the solid meterla’ia, which fs ralatod to

processing crmdltlons. Conductivity ~aluos are

relatively low for sections 5T through 9, but not ●s

10U ns for typical raw SIIAIQ Iaachmtes. Sactfons

4T, 4EI, ●nd 10 ●re relatively hlghe- ●ven though

they heve slgnfftcant quantltiaa of prrnluct silicate

phases. Sections 4T ●nd 4@ have reasonably high

I BAND V SOLU61LITY
500
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{
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Figure 3. Boron and vanadim solubillty variations

as ● functl~n of depth for com Lw-156

Ca”z contents, suggastlng the possibility of small

quantities of calcium oxide. Conductlv~ty of sec-

tion 10 Is high due to hlghcr alkalf -tal Ion

concantra’ions. Conductivity ●nd ●l~ntal ●nalyses

af sectfon 14, ●s -11 as mineralogy dnta, suggest

that the material is essentially raw shale.

It is obvious from Tablo V that calcim ion

concentrations am dfrectly ralatod wth conduc-

tivity v~luas ●na so through ● mlnimim In $@ctions

6T ●nd FB. This ts conalstant with the !OW solu-

blllty of ●lkallne ●arth silicates, such ●s ●ker-

■anlto and dlopslde. tkavar, sovaral ●lomants

Indfcatn trends fiich mm Invors?ly related to the

solublllty Behavior of the ●lkaline earth ●lements.

Thaao .Iwnts, including ar$cnic, boron, fluorlda,

molybdon-, and vanadfu, #m liskod In Tsblo V.

Thana data auggost that traco ●lements of potwstlal

concsrn ●re moblllzod frm spent shalsq containing

akcmmnlte-~hlanito solld solution ●s the major

high t~oratura sflicata phase. Trace elements

●ppear not to be ●f mobile from spart shales con-

taining diopalda a~ the major silicrnta phase. Thl S

observation is Indlcatad

which is ● c~arison of

dlopsida occurmnca with

qraphicnlly In Figure 4,

●karmanito-g@hlanlta and

percentage vanadium aolu-



TABLE V

SELZCTED TRACE ELEMENT CONCENTRATIONS, PH. AND SPECIFIC

CONOUCTIVITIES IN LEACHATES FRON CORE R3E2 (IN PPiII).

Absolut@
Section Elevstion

1 7802

2 n%

3 7791

4T 7786

48

51 7781

5H

5B

6T 7776

6B

7 7770

B 7754

9 7750

10 7740

11 7730

11A

1:! 7723

13T 7713

1 JB

14 7703

PH

9.09

9.07

8.78

10.28

10.20

10.41

10.19

10.24

10.34

10.00

10.02

9.43

9.78

9.4?

11.60

11.54

9.82

10.24

10.55

9.62

Spec .
cond.

Jlmhalcn

2260

27B0

2250

2210

1490

1350

1500

1120

880

1400

1450

995

2390

1240

2150

1460

2660

2380

330

blllty. (Comparison of p~rcmnt solubilitles Is

routinely dcne for those @laments knwn to v~ry

significantly ●s a ●unction of depth. The p~rcmt-”

ags vanadium volubility is obtainmd by dlvidlng the

solid concentration by th~ lcachatc concantmtfon

(both inpg/g). Uhan c~arlng trends in leachate

composition, it is i~ortant to negate variations of

.Iemental concmtmtlons In tho solids. ) It 1s

possibla that the ratortlng conditions which favor

tho fomatlon of akemtnlte-gahlenlt~ also fav~r the

mbillzaticn of these trace ●lements or that akar-

■anltm wathers In a nanner which releases ltirger

quantities of thtse tract elements c~ared with

other product cflicate phasgs. Another possible

raason for Che changes In mobility from Zone C to

Zone D could be the abllltyof the diopside crystal

structure to arcmdato ● variety of trace ●lements

as substitutes ror Caltlm, megnesi~, or silicon.

whereas the akomh.llte-gehlenite structure It not

quite so floxfble (12).

As

0.010

<? 01

<0,01

<0.002

0.000

0.010

<0.002

0.006

0.026

0.034

<0.01

0.011

0.016

-.

<0.01

<0 002

<0.002

<0.002

<0.01

0.020

9

1.93

2.69

2.4

1.96

2.41

2.11

1.63

1.91

6.55

5.33

4.13

1.8a

1.91

1.93

0.330
0.292

1.10

1,11

0.917

0.262

Ca

133

566

352

223

237

39.6

48.7

64.0

4.s1

3.54

14.8

106

46,1

42.3

106

2E15

200

493

372

3.0

F

3.9

0.3

5.2

4.3

5.2

5.2

4.4

5.3

12

21

17.0

2.1

5.4

-.

9

12.0

2:9

2.4

3.0

4.2

No

0.84
l.Ba

0.293

0.474

0.429

0.541

0.528

0.520

0.814

0.659

0.726

0.788

0.64

1.65

1.28

1.48

0.522

0.382

0.452

0.838

v

O. 163

2.618

0.129

0.401

0.437

0.87

1.OB

0.77

1.90

?.75

0.569

0.212

0.23

0.229

0.100

0.222

0.144

0.305

0.095

0,251

AII altarnata ●xplanatiotl that IS quite plau-

slhle considering the raw shale data previously

dlscussad is that canposltion variations in the raw

fhala could have changed at the 7770 ft. level with

Concomitant ●ffect on the fina”l composition and

leaching behavior of the product phasas. Although

the 7770 ft. laval is in the middle of Zons 2 (raw

shale), the rubblfng procedures undoui,tsdly ~ltered

tho stratigraphy of the retort chamber ●nd thus

dirrct correlation of corns is not possible. It is,

hnwevar, cartain that those trace ●lements mobilized

from Zone C (spent shale) sactions ●re the same

●laments uobilizod from raw shale core LW-156 in the

same ~tratigraphic horizon. Thus, it is I,ot certain

wlwther coapositlonal changes in the raw shale or

dltferances in retorting conditions favoring o~e

product silicate vs. ●other (dlopbida or akermanit~)

am msponsiblo for traca ●l~nt tillity differ-

●rices froa Zone C to Zone O (spmt shales). It is

i~ortant to note that both raw shale c~osition
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.Y35’! .
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F~g. 4 Relatlve variatfon ●s a function of rlnpth for

auglte and akamnani te/gchlenit@ solid solu-

tions and percenta~e vanadilm soluble in

Corm R3E2.

nnd behavior, and retorting conditions intaract to

drflne the nature and bohav~or of spent shales f?OM

processing activities.

Tho Qnhanc?d mobfllty of the aforementlonac!

tracs elements once they have been relaased from the

solld particles, can be place~ <n ●n appropriate

framework by consideration of fundanntel solution

chemistry. The mobi}ities of arsenic, fluoride, cnd

wlybdenw ●re indicated frm Che+r!cal •~dlllbrlm

codas tG bt controlled by ●lkaline ●arth Ion con-

centr~tfons. Adequata ●lkalina ●arth concentrations

will precipitate BaAs04, CUFZ and CS.M004. Thus ,

their r~condary ●lnsrals will ●xert solublllty con-

trol Orl these trace olmnts ●s lcng ●s a reservoir

of *lkallne ●crth ?ons is ●vailable. An tixemple of

this control Is gfvmn fn Flgum 5, which shows the

●ffert of decreasing calcim concentrations 1.1 core

R3E2. Xrtlons with small calcl- concentrations

exhibit the largest fluor~slc ion concentrations.

Ucln@ tho sulublllty product of CaF2, K= 3,4 x

10-11 at 18°C, and neglecting complicating phanmena

such as the cmn ion ●ffect, cfilculation Indfcates

that

kdll

trat

calcim Ion rznc~ntratlons in ●xcess of B ppm

dapress ●nd control the fluortde ion concen-

on. Calculations such ●s this can also be

445
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II

535 w
IMI

585’ ! I
r 1

-LO 00 LO 20

Ios [e]

Fig. 5. Variations In calcium and fluoride concen-

trations In leachatts generated from core

R3E2 solfds.

aedc fur molybdenw ●nd arsenic. Thus the previous

observation of the inverse relationship of con-

ductivity and ●lkaline ●arth concentrations with

arsan , fluoride, ●nd mclybdwu.m concentration data

●ra roadlly understood.

In contrast, the ●nhanced mobil~ty of boron ●nd

vanadium does not appear to be ●ffected by short

tem solublllty cnntrols. (This does not suggest

that colution composition wI1l not b~ ●ltered to an

extent that will favor removal of these ●lements

*roa colutlon ●ti the leachate moves through the

geologic medfm.) Thus, the i~r~ased solllbillty of

these ●lemmots could be due to dec~osltion or

redctlon of their orlginel mtnerml residences with

concmlt.ant change In their chemictl form. If they

●ro not incorporated Into the newly fo-d mineral

phaees. they could be mre sunceptlble to laaching.

The rmw shale In the Logan Wash ●rea vnrfes ●s

● function of depth. Thorn ●ro three zone~ of

leachability In core L*156 (that was drillad be-

tween Occidental’s retorts 7 ●nd 8). Theso dlff~~

●rices in Iearhabilfty reflect the minor sirIQralo~
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changss of th~ MU shalt. The ntratigmphic horizon

that corresponds to Occidental’s mining and retort-

ing actlvltlos ●xtonds through 300 Tt and Iocchates

fr-oa thcst shalss axhibit vsw low calctm ●nd

magnesium concmntmtlons, Increac@d concentratlo~s

of sadlm, lithim, hydrogen fens, boron, vatudltm

●d mlybdonm Indicating Incrtimsod solubllltlms,

and problms acsocfatcd wfth partlculato clay ●irr

●rals roflgctod by sppcmnt incmasod solubllltios

of ~ran, al~l-, slllcon, ●nd tltar?lm. Theso

golfd~ ●re cjlaractmrfzed by datgcmlo quantltlen of

mixsd layar clays and ZICO quantitlos of c solub?a

so~ium carbonate ●ineral (alther dawsonlte or l,ah-

colit~). Those obstrvstlonti have bean mnt’fmd by

app[icatlon of pattern mcognltlon tochillquos to the

mln~rtlodlcal ●nd laaching data.

Tho sp.nt shale corns from retort 3E at Logan

Wash indlcata that ●xtreme conditions were @xp@-

rfancod by tha shalo mtorfals during processing.

This results in the occurronca of daco@osltlon

●rid/or cflication reactions to fon high-t~mporaturn

product phaso$ fnclud{ng ●kermanite/gehlenlte ●nd

diapside/ auglte s~lid solutions, kals$l.te, mon-

tjcellite and forsterlte. The identfty and peF

slstenco of thu carbonate minerals are impo”tint to

the understanding ~f the processing conditions

-xperic.]ced hy the shale matarials. In retort 3E,

ca;bonats ~~inarals in the upper sixty pe-cmnt of ?.he

mtof * hoe been Identified ●s regeneration products

resulting from gas recycle ●nd water inje:tiun pro-

cedures useo ‘In pott-processing of the retort.

Carbonate hllnmrals In the lwer forty percant of the

retort ●re consldcmd to be survtvors of the retort-

ing process. In lddition, the persistence of r~l-

atlvel; stable i-mu shale phases, such *S quartz,

orthoclase, ●nd albite, provide Insight ~nt~ prncass

paramet~”s. Even though ●xtreme ~torting con.~itlons

~re ●xperienced by the spent ‘,hales in retort 3E,

Ieachata co~oslllons suggest $hat @-.ti81al ●ajor ●nd

trace ●lements including potassi~, l!thl-, fl~Ur-

Iti, va,tadtum, boron, molybdan.n, nickel, ●nd ●rse-

nic tire not rendereo Imbile by tha fometion -f

high tamneraturu slllcatm product phasms fespec!elly

●komenite/g@hlenite solid solution). Comparison of

rewohale Ioaching behavior ●nd spent shole leachlng

belmior Indicatss thct s- of the trace ● lements

~ro elevated in both raw ●nd spent shale lecchates,

which suggests that these ● lements ●re not incor-

porated in tha ~flfceto matrix or that ●lmnnts

which control these trace ●lemant solubillties ere—

Incorporated In the silicate matrix (secondary

volubility co~itrol). These observations h~ve also

been verified by pattern recognft!on techniques.

Thase ●stossment actlvltles have suggest-d that

coapl~te ch~racterlzatlon of mw and cpant shales

f- the sa~ stratlgraphlc horizon is Mcessary to

understand the effect of retorting parameters on the

rnblllky of inorganfc i,nd organic contaminants ●nd

Is ●ssentfal to developing an understandi~g of tha

ch~irtr-- that wI1l control water contamination as a

result of contact with spent shalec. These otudies

have also indicated several misconceptions ●bout

shale loachlng. For ●xample, It is ●pparent thst

fomatlon of hfgh t~erhture sflfcate phasem, cuch

tS ●kemanltslgehlenite, does not necessarily gumr-—
●ntea the insolubility of ●ll environmentally sen-

sltlvo trace e16ments,

Indicatad ● variability

pmvlously ●ncountered.

~UA_LI~ IMPACIS

Theta stud

In raw sha

es h4tia ● lso

● leachlnu not

The results prescntad in this ra;ort have been

uned in ●n assessment of potential water qu~lity

probloms -Snoclated with modified in situ rwtort

●bafldoment. U~ter quality ●ay be ●ffected by

inttmingling of differing quality ●quifer watrrs or

by Ieachlnu of spent shales in retort chambers (13),

A rmcent assessment of aquifer bridging har sug-

uc~tad thet changes In watar quallty by intemingl-

Ingwill not signlficmntly alter the suitability of

the resultant water for une as a d~stlc, ●gricul-

tu-ao , or Ilve stock s~ply (14). This is bec~usa

the constituents which cre troubl~noae In these

●quifers (boron, fluortti, iron, llthiu, menganese,

●nd mol~aona) ●xceed criteria in most ground-

waters; onlY th~ da ree to which criteria ●re ●x-

c~eded differ,

Water quality mmy ●l-o be ●ffected by leaching

of soluble mcterfal from the spent shale. Howver,

most of the constituents that occur ●t ●levat~d

concentmtfons in the lemchates ●re also prement at

●lavatad concer,tmtlons in the predevelo~ent gmund-

water. This occurs because the aquifers in tho ●rea

arg caposed of mu shale. Th~s, leaching may not

significantly sffect the tuitebillty of these watert

for beneficial uses, There ●re ● fmw ●xceptions,

Concentrations of lead ●nd Belenim ●xcead federal

drinking watar standards ●nd water quallty crit~rle,

lead and vartadi~ ●.zceed livestock watering critmrle,

.,



CONCLUSIONS—.

The i~ortance of solids char&c*.erlzatlon In

tha ●ssassrnnt of health ●nd ●nvfrofi-n’-al con-

toquenccc of oil shalo procosslng has b-w, dls-

cussad. This typo of Infomatlen is ●tisant{al fo!

the undorstandlng of water Quallty Iwactc from

●ncrgy dovtilopment, A varfety of f#SL~@S cm be

●ddrmsaed ●ldod by sol!ds charactarlzatloz lnfo~

mation. (1) Tha r~lo of prucost parametorc in the

fomstlon of wastes ●nd ●ffluents can ba detornlned.

(2) Tho minmral: uatar Intormctlotl during loachlng

and/or Woatharing cmlu be understood. (3) Tho Irr

fluonca of the microstructure of tha solids on t!ka

Iaachtng procass can ba lnvsstlgatsd. (4) Tho

●vailability of major ions for volubility control is

det@rmfn@d by Spant mlnaral •t~omblagts. (5) Traca

● lament rasldancas ●nd their role in contaminant ‘

mobflity can bs understood.

Tha data presontod in this report indlcatas

that the spant shzlt vast~s ratriov~d from Logan

Wash retort 3E •r~ a function of tha matsrial bolng

processed and tlw procoss conditions. An unds~

standing of th~ Interaction of tha raw ●atarlal Jnd

thr procomm in wasto fomatlon ●ids th~ lntarpm-

tmtion of the ch~mistry of ●ffluOnt strmms ●nd

Ieachat@s, In ro~ard to tract ●lammnt contaminants

in laachst~s, mineral rosidoncas, ●s well ●s, solu-

tion chamical control dottwstnos mbil!ty.’
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